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QHXURQFHOO0DQ\DUWLILFLDOQHXUDOQHWZRUNV/6,ZHUHGHVLJQHGE\WKHDQDORJPHWKRG0DQ\SURFHVVLQJXQLWVFDQEH
LQVWDOOHG RQ D VLQJOHFKLS EHFDXVH HDFK XQLW FDQ EH DFKLHYHG ZLWK D VPDOO QXPEHU RI HOHPHQWV DGGLWLRQ
PXOWLSOLFDWLRQDQGWKHQRQOLQHDUWUDQVIRUPDWLRQ$QGLWLVSRVVLEOHWRRSHUDWHXVLQJWKHVXSHUSDUDOOHOFDOFXODWLRQ$V
DUHVXOWWKHKLJKVSHHGRIIHUVDQDGYDQWDJHFRPSDUHGWRWKHGLJLWDOQHXUDOQHWZRUNPHWKRG>@>@,QWKHSXUHDQDORJ
FLUFXLW WKH PDLQ SUREOHP LV WKH DFKLHYHPHQW RI DQ DQDORJ PHPRU\ KRZ WR PHPRUL]H DQDORJ TXDQWLW\ >@7KLV
SUREOHPKDVQRWEHHQVROYHG\HW7KH'5$0PHWKRGPHPRUL]HVLQWKHFDSDFLWRUDVWHPSRUDU\PHPRU\EHFDXVHLW
FDQEHDFKLHYHG LQ WKHJHQHUDOSXUSRVH&026SURFHVV>@+RZHYHUZKHQ WKHGDWDYDOXHNHHSV IRUD ORQJ WHUP
GLJLWDO PHPRU\ ZLOO DOVR EH QHHGHG ,Q WKLV FDVH '$ DQG $' FRQYHUVLRQ FDXVHV DQ RYHUKHDG SUREOHP 2WKHU
PHPRUL]LQJ PHWKRGV DUH WKH IORDWDJH JDWH W\SH GHYLFH IHUURHOHFWULF PHPRU\ )H5$0 DQG PDJQHWLF VXEVWDQFH
PHPRULHV05$0>@>@
1.1. Pulsed Neural Network 
$QRWKHUKDUGZDUHQHXUDOQHWZRUNPRGHOKDVEHHQSURSRVHG,WXVHVDSXOVHGQHXUDOQHWZRUN(VSHFLDOO\ZKHQ
SURFHVVLQJWLPHVHULHVGDWD WKHSXOVHGQHXUDOQHWZRUNPRGHOKDVJRRGDGYDQWDJHV,QSDUWLFXODU WKLVQHWZRUNFDQ
NHHS WKH FRQQHFWLQJ ZHLJKWV DIWHU WKH OHDUQLQJ SURFHVV >@ 0RUHRYHU WKH UHDVRQ WKH OHDUQLQJ FLUFXLW XVHV WKH
FDSDFLWRULVWKDWLWWDNHVDORQJWLPHWRZRUNWKHFLUFXLWV,QJHQHUDOWKHSXOVHLQWHUYDORIWKHSXOVHGQHXUDOQHWZRUNLV
DERXWȝ67KHSXOVHGQHXURQPRGHOUHSUHVHQWVWKHRXWSXWYDOXHE\WKHSUREDELOLW\RIQHXURQILUHV)RUH[DPSOHLI
WKHQHXURQ LV ILUHG WLPHV LQ DSXOVH LQWHUYDO WKHRXWSXWYDOXH LV DW WKLV WLPH7R UHSUHVHQW WKH DQDORJ
TXDQWLW\XVLQJWKH3XOVHG1HXURQ0RGHOWKHUHQHHGVWREHDERXWSXOVHV7KXVDERXWP6LVQHHGHGWRUHSUHVHQW
WKHRXWSXWDQDORJVLJQDORQDSXOVHGQHXURQPRGHO
,Q WKLV VWXG\ ZH XVHG WKHPXOWLSOH FLUFXLWV 7KH FRQQHFWLQJ ZHLJKWV GHVFULEH WKH LQSXW YROWDJH ,W LV HDV\ WR
FKDQJH WKHFRQQHFWLRQFRHIILFLHQW7KLVPRGHOZRUNVRQO\RQDQDORJHOHFWURQLFFLUFXLWV ,W FDQ ILQLVK WKH OHDUQLQJ
SURFHVVLQDYHU\VKRUWWLPHDQGWKLVPRGHOZLOODOORZIRUPRUHIOH[LEOHOHDUQLQJ5HFHQWO\PDQ\UHVHDUFKHUVKDYH





7KH UHVXOWV RI WKHQHXUDO QHWZRUN UHVHDUFKSURYLGH IHHGEDFN WR WKHQHXUR VFLHQFH ILHOGV7KHVH UHVHDUFK ILHOGV
KDYHEHHQZLGHO\GHYHORSHGLQUHFHQWO\7KHOHDUQLQJDELOLW\RIDQHXUDOQHWZRUNLVVLPLODUWRWKHKXPDQPHFKDQLVP
$VDUHVXOWLWLVSRVVLEOHWRPDNHDEHWWHULQIRUPDWLRQSURFHVVLQJV\VWHPPDWFKLQJERWKDGYDQWDJHVRIWKHFRPSXWHU
PRGHODQGELRPHGLFDOEUDLQPRGHO7KHVWUXFWXUHRI WKHQHXUDOQHWZRUNXVXDOO\FRQVLVWVRI WKUHH OD\HUV WKH LQSXW




V\VWHP ,Q WKLV UHVHDUFKZHDUHDGGLQJ WKHFLUFXLWRI WKHRSHUDWLRQDO DPSOLILHU7KHFRQQHFWLQJZHLJKW VKRZV WKH
LQSXWYROWDJHRIDGGLQJFLUFXLWV,QWKHSUHYLRXVKDUGZDUHPRGHOVRIQHXUDOQHWZRUNFKDQJLQJFRQQHFWHGZHLJKWV






WKH FRPSXWHU FDOFXODWLRQ DQG63,&( VLPXODWLRQ:HFRPSDUHGERWKRXWSXW UHVXOWV DQG FRQILUPHG VRPHH[WHQWRI
(;25EHKDYLRXU>@
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SURSDJDWLRQ UXOH WKDW LV D JHQHUDO OHDUQLQJ UXOH IRU WKH PXOWLSOH HOHFWURQLF FLUFXLWV 7KLV QHXUDO FLUFXLW PRGHO LV
SRVVLEOH WKH OHDUQLQJ 7KH OHDUQLQJ VSHHG ZLOO EH UDSLG $QG G\QDPLF OHDUQLQJ ZLOO EH UHDOL]HG 7KH PHWKRG LV








+RZHYHU WKH FRQQHFWLQJZHLJKW FKDQJHV DFFRUGLQJ WR WKH FKDQJLQJ RI WKH WHDFKLQJ VLJQDO 7KLVPRGHO FDQ DOVR
HDVLO\DFFRPPRGDWHFKDQJHV LQ WKHHQYLURQPHQW ,QHDFKVFHQHRSWLPDO OHDUQLQJ LVSRVVLEOH0RUHRYHU WKHGHHS
OHDUQLQJPHWKRGLVSURSRVHGUHFHQWO\>@,WLVDNLQGRIDOJRULWKPVLQWKHOHDUQLQJPRGHO,WDWWHPSWVWRKLJKOHYHO













)/XWKRQ''UDJRPLUHVFX ³$&HOOXODU$QDORJ1HWZRUN IRU05)%DVHG9LGHR0RWLRQ'HWHFWLRQ ´ ,(((7UDQVDFWLRQV RQ&LUFXLWV DQG
6\VWHPV,)XQGDPHQWDO7KHRU\DQG$SSOLFDWLRQVYRO1RSS
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